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7KH(FRQRPLHVRI%DONDQDQG(DVWHUQ(XURSH&RXQWULHVLQWKHFKDQJHGZRUOG(%((&1LV
6HUELD
$'DWD(QYHORSPHQW$QDO\VLV$SSOLFDWLRQIRU0HDVXULQJ
(IILFLHQF\RI8QLYHUVLW\'HSDUWPHQWV
<ÕOPD]*|NúHQD2QXU'R÷DQEDQG%LOJHg]NDUDEDFDND
D)DFXOW\RI%XVLQHVVDQG(FRQRPLFV'RNX](\OO8QLYHUVLW\LQø]PLU7XUNH\
Eø]PLU9RFDWLRQDO6FKRRO'RNX](\OO8QLYHUVLW\LQø]PLU7XUNH\
$EVWUDFW
'DWDHQYHORSPHQWDQDO\VLV'($ZKLFKKDVGHYHORSHGWRPHDVXUHWKHHIIHFWLYHQHVVRIHFRQRPLFGHFLVLRQPDNLQJXQLWV'08
WKDW UHIHUUHG WR DV GHFLVLRQ PDNLQJ XQLWV DQG VLPLODU LQ WHUPV RI WKHLU SURGXFWV RU VHUYLFHV LV DQ HIILFLHQF\ PHDVXUHPHQW
WHFKQLTXHZLWKRXWSDUDPHWHUV7KLVWHFKQLTXHHQVXUHVWRGHILQHKRZH[LVWLQJVRXUFHVFDQEHXVHGHIIHFWLYHO\WRFUHDWHWKHRXWSXWV
RI'08
7KH LQWHUHVW LQ WKHPHDVXUHPHQWRI WKHSHUIRUPDQFHDQG HIILFLHQF\ LQQRQSURILW SXEOLF RUJDQLVDWLRQV VXFK DVXQLYHUVLWLHV KDV
LQFUHDVLQJGD\E\GD\5HFHQWO\LQPDQ\VWXGLHV'($PHWKRGKDVEHHQXVLQJWRHYDOXDWHSHUIRUPDQFHRIXQLYHUVLWLHV
7KH'($PHWKRGRORJ\HQDEOHVWRJHWJOREDOWHFKQLFDOHIILFLHQF\VFRUHVORFDOSXUHWHFKQLFDOHIILFLHQF\VFRUHVDQGILQDOO\VFDOH
VFRUHVRIXQLWV$QGE\XVLQJ'($LWLVSRVVLEOHWRREWDLQDQRYHUDOOSHUIRUPDQFHPHDVXUHWKURXJKWKHFRPSDULVRQRIDJURXSRI
GHFLVLRQXQLWV
7KLV SDSHU LQYROYHV 'DWD (QYHORSPHQW $QDO\VLV LQ RUGHU WR GHWHUPLQH WKH SHUIRUPDQFH OHYHOV GHSDUWPHQWV LQ 'RNX] (\OXO
8QLYHUVLW\ 7XUNH\ :H GLVFXVV DERXW WKH WHFKQLFDO VFRUHV DQG VFDOH VFRUHV RI GHSDUWPHQWV DQG WU\ WR UHYHDOPDLQ FDXVH RI
LQHIILFLHQF\$QGDOVRLQWKLVVWXG\LQSXWDQGRXWSXWJRDOVRIGHSDUWPHQWVZLOOEHIL[HGIRUDEHWWHUHIILFLHQF\

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGRU3HHUUHYLHZZLOOEHXQGHUUHVSRQVLELOLW\RI'HSDUWPHQWRI$FFRXQWDQF\DQG)LQDQFH(DVWHUQ0DFHGRQLDDQG
7KUDFH,QVWLWXWHRI7HFKQRORJ\.DYDOD*UHHFH
.H\ZRUGV'DWD(QYHORSPHQW$QDO\VLVHGXFDWLRQHIILFLHQF\GHSDUWPHQWV¶SHUIRUPDQFHV
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,QWURGXFWLRQ
7KH PDLQ SXUSRVH RI WKLV VWXG\ LV PHDVXULQJ WKH HIIHFWLYHQHVV RI XQLYHUVLW\ XQLWV 7KH HIIHFWLYHQHVV RI WKH
RUJDQL]DWLRQ LV LPSRUWDQW WR GHWHUPLQH KRZZHOO WKH RUJDQL]DWLRQ
V UHVRXUFHV DUH XVHG KRZZHOO WKH RXWSXWV DUH
REWDLQHGDQGKRZSURFHVVHVDUHPDQDJHG
6KHUPDQGHILQHVHIILFLHQF\DV³WKHDELOLW\WRSURGXFHWKHRXWSXWVRUVHUYLFHVZLWKDPLQLPXPUHVRXUFH
OHYHOUHTXLUHG´6LPLODUO\SURGXFWLYLW\LVGHILQHGDVWKHHIILFLHQF\RISURGXFWLRQ)DUUHOOZKRLVNQRZQZLWK
KLVVWXGLHVDERXWPHDVXUHPHQWRISURGXFWLYHHIILFLHQF\UHFRJQL]HGWKHLPSRUWDQFHRIPHDVXULQJWKHH[WHQWWRZKLFK
RXWSXWVFDQEHLQFUHDVHGWKURXJKKLJKHUHIILFLHQF\ZLWKRXWXVLQJDGGLWLRQDOUHVRXUFHVLQSXWV$YNLUDQ
7KH VLPSOHVW GHILQLWLRQ RI SURGXFWLYLW\ LV WKH UDWLR RI WKH RXWSXW WR WKH LQSXW ,Q WKLV FRQWH[W WKH FRQFHSW RI
HIILFLHQF\LVQRWDUHODWLYHFRQFHSW,WLVWKHSRVVLEOHWKDWPHDVXUHPHQWRIHIILFLHQF\RIH[DPLQHGGHFLVLRQPDNLQJ
XQLWVLQGHSHQGHQWO\7DUÕP
'08LVWREHUDWHGDVIXOO\HIILFLHQWRQWKHEDVLVRIDYDLODEOHHYLGHQFHLIDQGRQO\LIWKHSHUIRUPDQFHVRI
RWKHU'08VGRHVQRWVKRZWKDWVRPHRILWVLQSXWVRURXWSXWVFDQEHLPSURYHGZLWKRXWZRUVHQLQJVRPHRILWVRWKHU
LQSXWVRURXWSXWV&RRSHUHWDO
1RQSDUDPHWULFPHDVXULQJHIILFLHQF\PHWKRGV WU\ WRPHDVXUH WKHGLVWDQFH WRHIILFLHQF\ERUGHUE\XVLQJ OLQHDU
SURJUDPPLQJEDVHG WHFKQLTXHV8QOLNHSDUDPHWULFPHWKRGV WKHVHPHWKRGVDUH UHODWLYHO\DGYDQWDJHRXVVLQFH WKH\
DUHQRWUHTXLUHGWRWDNHEHKDYLRUDODVVXPSWLRQVLQWRDFFRXQWDERXWWKHVWUXFWXUHRIWKHSURGXFWLRQXQLW,QDGGLWLRQ
WKHVHPHWKRGVKDYHVXSHULRULW\VXFKDVXVLQJPRUHWKDQRQHH[SODQDWRU\YDULDEOH7KHPRVWFRPPRQQRQSDUDPHWULF
PHWKRGLVGDWDHQYHORSPHQWDQDO\VLV'($WKDWZDVGHYHORSHGE\&KDUQHV&RRSHUDQG5KRGHVLQ6H\UHN	
$WD  ,Q WKLV VWXG\ WKH XQLWV ZKLFK KDYH VLPLODU SURFHVVHV DUH FRPSDUHG E\ DQDO\]LQJ HIIHFWLYHQHVV RI
XQLYHUVLW\XQLWV7KHSURFHVVKDVLQKHUHQWO\QRQSDUDPHWULFSURSHUW\
'($LVDPDWKHPDWLFDOSURJUDPPLQJDSSURDFKWRSURYLGHDUHODWLYHHIILFLHQF\DVVHVVPHQWFDOOHG'($HIILFLHQW
IRUDJURXSRIGHFLVLRQPDNLQJXQLWV '08ZLWKPXOWLSOHQXPEHUVRI LQSXWVDQGRXWSXWV 4XDQOLQJ7KH
SURFHVVUXQVLQWKHQRQSURILWRUJDQL]DWLRQVVXFKDVXQLYHUVLWLHVKDVPXOWLSOHLQSXWVDQGRXWSXWVZKLFKFDQQRWEH
PRGHOHGOLQHDUO\GXHWRLWVVWUXFWXUH,QFRQVHTXHQFH'($KDVEHHQFKRVHQWRPHDVXUHHIILFLHQF\LQWKLVVWXG\
0RUH VSHFLILFDOO\ ZH FRQVLGHU FDOFXODWLQJ HIILFLHQF\ VFRUHV RI WKH XQLYHUVLW\ XQLWV E\ XVLQJ LQSXW YDULDEOHV
RXWGRRULQGRRU DUHD RI XQLYHUVLW\ QXPEHU RI DFDGHPLF VWDII DQG QXPEHU RI DGPLQLVWUDWLYH VWDII DQG RXWSXW
YDULDEOHVQXPEHURISXEOLFDWLRQVDQGQXPEHURIJUDGXDWHVWXGHQWV

'DWD(QYHORSPHQW$QDO\VLV'($

'DWDHQYHORSPHQWDQDO\VLV'($ZDVVXJJHVWHGE\&KDUQHV&RRSHUDQG5KRGHV&&5LGHDVRI)DUUHOO
ZKLFK LVFRQFHUQHGZLWK WKH HVWLPDWLRQRI WHFKQLFDOHIILFLHQF\DQGHIILFLHQW IURQWLHUV <XQ1DND\DPD	7DQLQR

'($ LV D ³GDWDRULHQWHG´ DSSURDFK IRU HYDOXDWLQJ WKH SHUIRUPDQFH RI D VHW RI SHHU HQWLWLHV FDOOHG 'HFLVLRQ
0DNLQJ8QLWV'08VZKLFKFRQYHUWPXOWLSOHLQSXWVLQWRPXOWLSOHRXWSXWV7KHGHILQLWLRQRID'08LVJHQHULFDQG
ÀH[LEOH5HFHQW\HDUVKDYH VHHQDJUHDWYDULHW\RIDSSOLFDWLRQVRI'($IRUXVH LQHYDOXDWLQJ WKHSHUIRUPDQFHVRI
PDQ\GLIIHUHQWNLQGVRIHQWLWLHVHQJDJHG LQPDQ\GLIIHUHQWDFWLYLWLHV LQPDQ\GLIIHUHQWFRQWH[WV LQPDQ\GLIIHUHQW
FRXQWULHV7KHVH'($DSSOLFDWLRQVKDYHXVHG'08VRIYDULRXVIRUPVWRHYDOXDWHWKHSHUIRUPDQFHRIHQWLWLHVVXFK
DVKRVSLWDOV86$LU)RUFHZLQJVXQLYHUVLWLHVFLWLHVFRXUWVEXVLQHVVILUPVDQGRWKHUVLQFOXGLQJWKHSHUIRUPDQFH
RIFRXQWULHVUHJLRQVHWF%HFDXVHLWUHTXLUHVYHU\IHZDVVXPSWLRQV'($KDVDOVRRSHQHGXSSRVVLELOLWLHVIRUXVHLQ
FDVHVWKDWKDYHEHHQUHVLVWDQWWRRWKHUDSSURDFKHVEHFDXVHRIWKHFRPSOH[RIWHQXQNQRZQQDWXUHRIWKHUHODWLRQV
EHWZHHQWKHPXOWLSOHLQSXWVDQGPXOWLSOHRXWSXWVLQYROYHGLQ'08V&RRSHUHWDO
'($ LV XVHG WR PHDVXUH HIILFLHQF\ ZKHQ WKHUH DUH PXOWLSOH LQSXWV DQG RXWSXWV DQG WKHUH DUH QR JHQHUDOO\
DFFHSWDEOH ZHLJKWV IRU DJJUHJDWLQJ LQSXWV DQG DJJUHJDWLQJ RXWSXWV ,Q WKH FDVH RI RQH LQSXW DQG RQH RXWSXW WKH
RXWSXWLQSXWUDWLRUHYHDOVHIILFLHQF\0FPLOODQ	'DWWD
9DULRXV WKHRUHWLFDO H[WHQVLRQV KDYH EHHQ GHYHORSHG EDVHG RQ WKH RULJLQDO &&5PRGHO %DQNHU HW DO 
GHYHORSHGDYDULDEOHUHWXUQVWRVFDOHYDULDWLRQWKHPXOWLSOLFDWLYHPRGHOZDVGHYHORSHGE\&KDUQHVHWDOLQ
ZKLFKWKHGDWDDUHWUDQVIRUPHGXVLQJDORJDULWKPLFVWUXFWXUH&KDUQHVHWDOGHYHORSHGWKHDGGLWLYHYDULDWLRQ
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LQZKLFKWKHREMHFWLYHIXQFWLRQFRQWDLQVVODFNYDULDEOHVDORQH6HLIRUGDQG7KUDOOSURYLGHDXVHIXOGLVFXVVLRQ
DQGFRPSDULVRQRIDOOWKHEDVLFPRGHOVDYDLODEOHWRGDWHLQ'($$GOHU)ULHGPDQ	6LQXDQ\6WHUQ
'($ LV SDUWLFXODUO\ DSSURSULDWHZKHQ WKH UHVHDUFKHU LV LQWHUHVWHG LQ LQYHVWLJDWLQJ WKH HIILFLHQF\ RI FRQYHUWLQJ
PXOWLSOH LQSXWV LQWRPXOWLSOHRXWSXWV)RUH[DPSOH'($FDQ LGHQWLI\DOWHUQDWLYHFRQILJXUDWLRQVRI LQSXWV WKDWFDQ
UHVXOW LQ KLJKHU RXWSXWV ZLWKRXW QHFHVVDULO\ UDLVLQJ WKH RYHUDOO XVH RI UHVRXUFHV '($ LV D OLQHDU SURJUDPPLQJ
WHFKQLTXHWKDWHQDEOHVPDQDJHPHQWWREHQFKPDUNWKHEHVWSUDFWLFH'08LHDXQLYHUVLW\)XUWKHU'($SURYLGHV
HVWLPDWHVRISRWHQWLDOLPSURYHPHQWVIRULQHƥFLHQW'08V$YNLUDQ
&KDUQHV HW DO GHVFULEHG '($ DV D PDWKHPDWLFDO SURJUDPPLQJ PRGHO DSSOLHG WR REVHUYDWLRQDO GDWD >ZKLFK@
SURYLGHVDQHZZD\RIREWDLQLQJHPSLULFDOHVWLPDWHVRIH[WUHPDOUHODWLRQVVXFKDVWKHSURGXFWLRQIXQFWLRQVDQGRU
HƥFLHQWSURGXFWLRQSRVVLELOLW\VXUIDFHVWKDWDUHDFRUQHUVWRQHRIPRGHUQHFRQRPLFV$GOHUDWDO
$VDWHFKQLFDODQDO\VLV'($LVUHODWLYH)URPWKHVHWRI'08VDQDO\]HGLWGHWHUPLQHVDQHIILFLHQWJURXS,WVWLOO
PLJKW EH SRVVLEOH KRZHYHU WR LPSURYH WKH WHFKQLFDO HIILFLHQF\ RI HYHQ WKRVH HIILFLHQW XQLWV ZHUH WKH EHVW
SURGXFWLRQSRVVLELOLWLHV NQRZQ+RZHYHU WKH DFWXDO SURGXFWLRQ IXQFWLRQ LV QRW NQRZQ DQGQRQH LV DVVXPHG7KH
HIILFLHQWXQLWV LQ'($DUH WKHPRVWHIILFLHQWRI WKRVHREVHUYHGQRW LQFRPSDULVRQ WR VRPH LGHDO7KXV WKH'($
HIILFLHQWJURXSLVWKDWVXEVHWGHPRQVWUDWLQJWKH³EHVWSUDFWLFHV´DPRQJDJURXSRIRSHUDWLQJXQLWV,QHIILFLHQW'08V
DUHFRPSDUHGWRWKRVHXQLWVGHPRQVWUDWLQJVXSHULRUSHUIRUPDQFH0FPLOODQ	'DWWD
$VDQHIILFLHQWIURQWLHUWHFKQLTXH'($LGHQWLILHVWKHLQHIILFLHQF\LQDSDUWLFXODU'08E\FRPSDULQJLWWRVLPLODU
'08VUHJDUGHGDVHIILFLHQWUDWKHUWKDQWU\LQJWRDVVRFLDWHD'08¶VSHUIRUPDQFHZLWKVWDWLVWLFDODYHUDJHVWKDWPD\
QRWEHDSSOLFDEOHWRWKDW'08$YNLUDQ
%\PDWKHPDWLFDOSURJUDPPLQJ'($ILQGVDZHLJKWLQJV\VWHPLQWKHDEVHQFHRISULFHVWKDWDOORZVLQSXWVDQG
RXWSXWVHDFKWREHDJJUHJDWHGDQGHIILFLHQF\VFRUHVWREHFDOFXODWHG1RVLQJOHVHWRIZHLJKWVLVUHTXLUHG5DWKHU
'($E\UHSHDWHGVROXWLRQVILQGVDVHWRIZHLJKWVIRUHDFK'087KHZHLJKWVDUHWKRVHWKDWDUHPRVWIDYRXUDEOHWR
WKHXQLWWKDWLVJLYHLWWKHKLJKHVWHIILFLHQF\VFRUHVXEMHFWWRQRZHLJKWVEHLQJQHJDWLYHDQGWKDWWKHZHLJKWVZKHQ
DSSOLHGWRDQ\XQLWGRQRWUHVXOWLQDQ\RQHKDYLQJDQHIILFLHQF\VFRUHH[FHHGLQJRQDVFDOHRI]HURWRRQHZLWK
LQGLFDWLQJDQHIILFLHQW'080FPLOODQ	'DWWD 
'($KDVSDUWLFXODUDSSHDOLQWKDWLWGHDOVZLWKPXOWLSOHRXWSXWVDQGPXOWLSOHLQSXWVDQGGRHVQRWUHTXLUHDSULRUL
RUVXEMHFWLYHWUDGHRIIVEHWZHHQYDULRXVW\SHVRIRXWSXWVRUWKHXVHRISULFHVIRUDJJUHJDWLQJWKHUHVRXUFHV)XUWKHU
WKHPHWKRGXVHVVWDQGDUG/3FRGHVWRLGHQWLI\SHHUJURXSVIRUHDFKXQLWEHLQJHYDOXDWHG8VLQJDVDUHIHUHQFHWKHVH
SHHUJURXSPHPEHUV'($SURYLGHVTXDQWLWDWLYHLQVLJKWVDVWRWKHDVSHFWVDQGVL]HVRIDGMXVWPHQWVQHHGHGWRUHQGHU
DQLQHIILFLHQWXQLWHIILFLHQW%DQNHU	0RUH\7KHUHVHDUFKDQGDSSOLFDWLRQVRI'($DWWUDFWDJUHDWDPRXQWRI
LQWHUHVW IURPERWKDFDGHPLFILHOGDQGLQGXVWULDOSUDFWLFH4XDQOLQJ$SSOLFDWLRQVRIWKLVHIILFLHQF\DQDO\VLV
WHFKQLTXH WR FULPLQDO VXSHULRU FRXUWV $UPHG )RUFHV UHFUXLWLQJ GLVWULFWV VFKRRO GLVWULFWV SKDUPDFLHV KRVSLWDOV
HOHFWULFSRZHUJHQHUDWLRQSODQWVPDQXIDFWXULQJSURGXFWLYLW\DQDO\VLVHWFDOVRGHPRQVWUDWHWKHIOH[LELOLW\RI'($
%DQNHU	0RUH\
  
'($0RGHOV

'($LVDQRQSDUDPHWULFPHWKRGRIPHDVXULQJWKHHIILFLHQF\RID'08VXFKDVDILUPRUDSXEOLFVHFWRUDJHQF\
ILUVW LQWURGXFHG LQWR WKH2SHUDWLRQ5HVHDUFK OLWHUDWXUHE\&KDUQHV&RRSHUDQG5KRGHV &&57KHRULJLQDO&&5
PRGHOZDVDSSOLFDEOHRQO\WRWHFKQRORJLHVFKDUDFWHUL]HGE\FRQVWDQWUHWXUQVWRVFDOHJOREDOO\,QZKDWWXUQHGRXWWR
EHDPDMRUEUHDNWKURXJK%DQNHU&KDUQHVDQG&RRSHU %&&H[WHQGHG WKH&&5PRGHO WRDFFRPPRGDWH
WHFKQRORJLHVWKDWH[KLELWYDULDEOHUHWXUQVWRVFDOH5D\
'LIIHUHQW'($PRGHOVDUHH[WHQGHGDQGWKRURXJKO\GLVFXVVHG7KLVLQFOXGHVWKHDGGLWLYHPRGHO/RJW\SH'($
PRGHOV'($PRGHOVZLWKDFRQHUDWLRRIGHFLVLRQPDNHUV
SUHIHUHQFHVHPLLQILQLWHSURJUDPPLQJ'($PRGHOVZLWK
LQILQLWHO\PDQ\'08VVWRFKDVWLF'($PRGHOVHWF7KHHFRQRPLFDQGPDQDJHPHQWEDFNJURXQGRI'($PRGHOV
DQGPHWKRGVDUHH[WHQVLYHO\LQYHVWLJDWHG4XDQOLQJ
&KDUQHV&RRSHUDQG5KRGHV LQWURGXFHG WKH&&5PRGHORI'($WRHYDOXDWH WKHUHODWLYHHIILFLHQF\RI'08V
%DQNHU&KDUQHVDQG&RRSHUVXEVHTXHQWO\ LQWURGXFHGWKH%&&PRGHOZKLFKVHSDUDWHVWHFKQLFDOHIILFLHQF\
DQGVFDOHHIILFLHQF\6(/DWHU%DQNHUVKRZHGKRZWKH&&5IRUPXODWLRQFDQEHHPSOR\HGWRHVWLPDWHPRVW
SURGXFWLYHVFDOHVL]H0366DQGUHWXUQVWRVFDOH5760RUHUHFHQWO\%DQNHUDQG7KUDOOVKRZHGWKDWWKH
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%&&DQG&&5PHWKRGVRIUHWXUQVWRVFDOHHVWLPDWLRQLQ%DQNHUDQG%DQNHU&KDUQHVDQG&RRSHUDUH
HTXLYDOHQW%DQNHUHWDO
7KHPRVWEDVLFIRUPVRI'($DUH&&5DQG%&&7KHVHFDQEHDQDO\]HGDVLQSXWDQGRXWSXWRULHQWHGøIGHFLVLRQ
PDNHU FDQ FRQWURO LQSXWV LQSXW RULHQWHG DQDO\VLV VKRXOG EH GRQH2WKHUZLVH RXWSXW RULHQWHG DQDO\VLV VKRXOG EH
GRQH
&RPSDULVRQVRIWKHLQSXWRULHQWHG&&5DQG%&&VFRUHVGHVHUYHFRQVLGHUDWLRQ7KH&&5PRGHODVVXPHVWKH
FRQVWDQWUHWXUQVWRVFDOHSURGXFWLRQSRVVLELOLW\VHWLHLWLVSRVWXODWHGWKDWWKHUDGLDOH[SDQVLRQDQGUHGXFWLRQRIDOO
REVHUYHG'08VDQGWKHLUQRQQHJDWLYHFRPELQDWLRQVDUHSRVVLEOHDQGKHQFHWKH&&5VFRUHLVFDOOHGJOREROWHFKQLFDO
HIILFLHQF\ *7(2Q WKHRWKHU KDQG WKH%&&PRGHO DVVXPHV WKDW FRQYH[ FRPELQDWLRQVRI WKHREVHUYHG'08V
IRUPWKHSURGXFWLRQSRVVLELOLW\VHWDQGWKH%&&VFRUHLVFDOOHG ORFDOSXUHWHFKQLFDOHIILFLHQF\/37(&RRSHUDW
DO6FDOHHIILFLHQF\FDQEHREWDLQHGZLWKWKHSURSRUWLRQRIWKHVHWZRVFRUHV
&KDUQHV&RRSHUDQG5KRGHV&&5

7KH&&5UDWLRIRUPLQWURGXFHGE\&KDUQHVDWDODVSDUWRIWKHLU'DWD(QYHORSPHQW$QDO\VLVDSSURDFK
FRPSUHKHQGV ERWK WHFKQLFDO DQG VFDOH LQHIILFLHQFLHV YLD WKH RSWLPDO YDOXH RI WKH UDWLR IRUP DV REWDLQHG GLUHFWO\
IURPWKHGDWDZLWKRXW UHTXLULQJDSULRULVSHFLILFDWLRQRIZHLJKWVDQGRUH[SOLFLWGHOLQHDWLRQRIDVVXPHGIXQFWLRQDO
IRUPV RI UHODWLRQV EHWZHHQ LQSXWV DQG RXWSXWV %DQNHU DW DO  ,Q WKH LQIOXHQWLDO &KDUQHV HW DO LW LV VWDWHG
&&5 XVHG WKH RSWLPL]DWLRQ PHWKRG RI PDWKHPDWLFDO SURJUDPPLQJ WR JHQHUDOL]H WKH )DUUHOO  VLQJOH
RXWSXWLQSXW WHFKQLFDO HIILFLHQF\PHDVXUH WR WKHPXOWLSOH RXWSXWPXOWLSOHLQSXW FDVHV« )RUVXQG	6DUDIRJORX

7RDOORZIRUDSSOLFDWLRQVWRDZLGHYDULHW\RIDFWLYLWLHVZHXVHWKHWHUP'08WRUHIHUWRDQ\HQWLW\WKDWLVWREH
HYDOXDWHG LQ WHUPV RI LWV DELOLWLHV WR FRQYHUW LQSXWV LQWR RXWSXWV 7KHVH HYDOXDWLRQV FDQ LQYROYH JRYHUQPHQWDO
DJHQFLHV DQG QRQSURILWV RUJDQL]DWLRQV DV ZHOO DV SURILW RULHQWHG RUJDQL]DWLRQV 7KH HYDOXDWLRQ FDQ DOVR EH
GLUHFWHGWRHGXFDWLRQDOLQVWLWXWLRQVDQGKRVSLWDOVDVZHOODVSROLFHIRUFHVRUVXEGLYLVLRQWKHUHRIRUDUP\XQLWVIRU
ZKLFKFRPSDUDWLYHHYDOXDWLRQVRIWKHLUSHUIRUPDQFHDUHWREHPDGH&RRSHUDWDO
7DEOHSUHVHQWVWKH&&5PRGHOLQLQSXWDQGRXWSXWRULHQWHGYHUVLRQVHDFKLQWKHIRUPRIDSDLURIGXDOOLQHDU
SURJUDPV

7DEOH&&50RGHOV&RRSHU6HLIRUG	=KX

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 7KHVHDUHNQRZQDV&&5PRGHOV,IWKHIROORZLQJFRQVWUDLQWLVDGMRLQHGWRGXDOPRGHOVWKH\DUHNQRZQ
DV%&&%DQNHUHWDOPRGHOV


%DQNHU&KDUQHVDQG&RRSHU%&&

%DQNHU &KDUQHV DQG &RRSHU VXJJHVWHG D PRGHO IRU HVWLPDWLQJ WHFKQLFDO HIILFLHQF\ DQG VFDOH LQHIILFLHQF\ LQ
'($7KH%&&PRGHOUHOD[HGWKHFRQVWDQWUHWXUQVWRVFDOHDVVXPSWLRQRIWKH&&5PRGHODQGPDGHLWSRVVLEOHWR
LQYHUVWLJDWHZKHWKHUWKHSHUIRUPDQFHRIHDFK'08ZDVFRQGXFWHGLQUHJLRQRILQFUHDVLQJFRQVWDQWRUGHFUHDVLQJ
UHWXUQVWRVFDOHLQPXOWLSOHRXWSXWVDQGPXOWLSOHLQSXWVVLWXDWLRQV<XQDWDO
7KH%&&PRGHOVDUHVHHQDVIROORZLQJIRUPXODV7KH%&&%DQNHUHWDOPRGHODGGVDQDGGLWLRQDO
FRQVWDQWYDULDEOHLQRUGHUWRSHUPLWYDULDEOHUHWXUQVWRVFDOH

,WVKRXOGEHQRWHGWKDWWKHUHVXOWVRIWKH&&5LQSXWPLQLPL]HGRURXWSXWPD[LPL]HGIRUPXODWLRQVDUHWKHVDPH
ZKLFKLVQRWWKHFDVHLQ WKH%&&PRGHO7KXV LQWKHRXWSXWRULHQWHG%&&PRGHO WKHIRUPXODWLRQPD[LPL]HV WKH
RXWSXWVJLYHQWKHLQSXWVDQGYLFHYHUVD$GOHUHWDO
7KHVWUXFWXUHRI'($SUREOHPLV LQ WKHIRUPRI/3DVGHVFULEHGDERYH'HFLVLRQSUREOHPVFDQEHVROYHG OLNH
VROYLQJRI/3PRGHOE\XVLQJ'($'($FDOFXODWLRQVFDQEHDOVRFRQGXFWHGXVLQJDQXPEHURIGLIIHUHQWFRPSXWHU
SURJUDPVVXFKDV([FHO6$66+$=$0,'($6)URQWLHU$QDO\VW:DUZLFN'($'($3(06HWF

$SSOLFDWLRQ

5HYLHZRIWKH/LWHUDWXUHDERXW'DWD(QYHORSPHQW$QDO\VLV$SSOLFDWLRQVLQ8QLYHUVLWLHV

'($ZDVLQLWLDOO\EHHQXVHGWRLQYHVWLJDWHWKHUHODWLYHHIILFLHQF\RIQRWIRUSUR¿WRUJDQL]DWLRQVRQO\WRTXLFNO\
VSUHDG WR SURILWPDNLQJ RUJDQL]DWLRQV '($ KDV EHHQ VXFFHVVIXOO\ DSSOLHG LQ VXFK GLYHUVH VHWWLQJV DV VFKRROV
KRVSLWDOVFRXUWVWKH86$LU)RUFHUDWHGHSDUWPHQWVDQGEDQNV$YNLUDQ
7KHLQLWLDO'($PRGHODVRULJLQDOO\SUHVHQWHGLQ&KDUQHV&RRSHUDQG5KRGHV&&5ZDVEXLOWRQWKHHDUOLHU
ZRUNRI)DUUHOO7KLVZRUNE\&KDUQHV&RRSHUDQG5KRGHVRULJLQDWHGLQWKHHDUO\VLQUHVSRQVHWRWKHWKHVLV
HIIRUWVRI(GZDUGR5KRGHVDW&DUQHJLH0HOORQ8QLYHUVLW\¶V6FKRRORI8UEDQ	3XEOLF$IIDLUV±QRZWKH+-+HLQ]
,,,6FKRRORI3XEOLF3ROLF\DQG0DQDJHPHQW8QGHUWKHVXSHUYLVLRQRI::&RRSHUWKLVWKHVLVZDVWREHGLUHFWHG
WRHYDOXDWLQJHGXFDWLRQDOSURJUDPVIRUGLVDGYDQWDJHGVWXGHQWVPDLQO\EODFNRU+LVSDQLFLQDVHULHVRIODUJHVFDOH
VWXGLHVXQGHUWDNHQLQ86SXEOLFVFKRROVZLWKVXSSRUWIURPWKH)HGHUDOJRYHUQPHQW&RRSHUDWDO
6RPHVWXGLHVDSSHDULQJLQg]GHQDERXWPHDVXULQJWKHHIILFLHQF\RIWKHXQLYHUVLWLHVDUHOLVWHGLQ7DEOH
ZKLFKLQFOXGHVDOVRXVHGLQSXWDQGRXWSXWYDULDEOHVIRUHDFKVWXG\


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7DEOH6RPHVWXGLHVDERXWPHDVXULQJWKHHIILFLHQF\RIWKHXQLYHUVLWLHVg]GHQ
$XWKRU 8VHG,QSXW9DULDEOHV 8VHG2XWSXW9DULDEOHV
7RPNLQVDQG*UHHQ 1XPEHURIIXOOWLPHHPSOR\HHV
3HUVRQQHO&RVWV
2SHUDWLQJ&RVWV
2WKHU&RVWV
1XPEHURI8QLYHUVLW\6WXGHQWV
1XPEHURI3K'6WXGHQWV
7RWDO,QFRPH
1XPEHURI3XEOLFDWLRQV
%HDVOH\ 5HVHDUFKLQFRPH
2SHUDWLQJ&RVWV
3HUVRQQHO&RVWV
1XPEHURI8QGHUJUDGXDWH6WXGHQWVDQG3RVWJUDGXDWH6WXGHQWV
1XPEHURI3XEOLFDWLRQVWKDWWDNHSDUWLQLQGH[HV
$EERWW	'RXFRXOLDJRV

1XPEHURI$FDGHPLF6WDII
1XPEHURI1RQ$FDGHPLF6WDII
2SHUDWLQJ&RVWV
)L[HG$VVHWV
1XPEHURI6WXGHQWV
1XPEHURIJUDGXDWHVWXGHQWVIURP$VVRFLDWHGHJUHH
8QGHUJUDGXDWHDQG3RVWJUDGXDWHGHJUHH
$PRXQWRIUHVHDUFK
)OHJJHWDO 1XPEHURI)DFXOW\0HPEHUV
1XPEHURI8QGHUJUDGXDWH6WXGHQWV
1XPEHURI3RVWJUDGXDWH6WXGHQWV
7RWDO([SHQVHV
5HVHDUFKDQG&RQVXOWDQF\,QFRPH
1XPEHURIJUDGXDWHVWXGHQWVIURP8QGHUJUDGXDWHGHJUHH
1XPEHURIJUDGXDWHVWXGHQWVIURP3RVWJUDGXDWHGHJUHH
:DUQLQJ 3HUVRQQHO&RVWV
2WKHU&RVWV
1XPEHURI3XEOLFDWLRQVWKDWWDNHSDUWLQLQGH[HV
1XPEHURI6WXGHQWV
.XWODUDQG.DUWDO 1XPEHURI$FDGHPLF6WDII
1XPEHURI$GPLQLVWUDWLYH6WDII
3HUVRQQHO6HUYLFH3URFXUHPHQWDQG
&RQVXPSWLRQ([SHQVHV
$FUHDJH
1XPEHURI6WXGHQWV
6WXGHQW)HHV
3URMHFWV
1XPEHURI3RVWJUDGXDWH6WXGHQWV

%D\VDOHWDO 3HUVRQQHO&RVWV
2WKHU&XUUHQW([SHQGLWXUHV
,QYHVWPHQW([SHQVHV
7UDQVIHUV
1XPEHURI)DFXOW\0HPEHUV
1XPEHURI8QGHUJUDGXDWH6WXGHQWV
1XPEHURI3RVWJUDGXDWH6WXGHQWV
1XPEHURI3K'6WXGHQWV
1XPEHURI3XEOLFDWLRQV
%DEDFDQ.DUWDOHWDO *HQHUDO%XGJHW([SHQGLWXUHV
([SHQGLWXUHVRXWRIEXGJHW
1XPEHURI3URIHVVRU
1XPEHURI$VVRFLDWH3URIHVVRU
1XPEHURI$VVLVWDQW3URIHVVRU
1XPEHURI$VVLVWDQW,QVWUXFWRU
1XPEHURI$GPLQLVWUDWLYH6WDII
1XPEHURI3XEOLFDWLRQVWKDWWDNHSDUWLQLQGH[HV
8QLYHUVLW\,QFRPH
1XPEHURI8QGHUJUDGXDWH6WXGHQWV
1XPEHURIJUDGXDWHVWXGHQWVIURP8QGHUJUDGXDWHGHJUHH
1XPEHURI3RVWJUDGXDWH6WXGHQWV
1XPEHURIJUDGXDWHVWXGHQWVIURP3RVWJUDGXDWHGHJUHH
.XWODUDQG%DEDFDQ *HQHUDO%XGJHW([SHQGLWXUHV
([SHQGLWXUHVRXWRIEXGJHW
1XPEHURI3URIHVVRU
1XPEHURI$VVRFLDWH3URIHVVRU
1XPEHURI$VVLVWDQW3URIHVVRU
1XPEHURI$VVLVWDQW,QVWUXFWRU
1XPEHURI$GPLQLVWUDWLYH6WDII
1XPEHURI3XEOLFDWLRQVWKDWWDNHSDUWLQLQGH[HV
8QLYHUVLW\,QFRPH
1XPEHURI8QGHUJUDGXDWH6WXGHQWV
1XPEHURIJUDGXDWHVWXGHQWVIURP8QGHUJUDGXDWHGHJUHH
1XPEHURI3RVWJUDGXDWH6WXGHQWV
1XPEHURIJUDGXDWHVWXGHQWVIURP3RVWJUDGXDWHGHJUHH

,QDGGLWLRQWRVWXGLHVDERYHDFFRUGLQJWR$YNÕUDQRWKHUVWXGLHVLQWKHOLWHUDWXUHDUHVKRZQZLWKWKHLUXVHG
LQSXWDQGRXWSXWYDULDEOHVLQ7DEOH




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7DEOH6RPHVWXGLHVDERXWPHDVXULQJWKHHIILFLHQF\RIWKHXQLYHUVLWLHV$YNÕUDQ
$XWKRU 8VHG,QSXW9DULDEOHV 8VHG2XWSXW9DULDEOHV
%HVVHQWHWDO 5HYHQXHIURPVWDWHJRYHUQPHQW
1XPEHURIVWXGHQWVFRPSOHWLQJDSURJUDP
(PSOR\HUVDWLVIDFWLRQZLWKWUDLQLQJRIVWXGHQWV
6WXGHQWFRQWDFWKRXUV
1XPEHURIIXOOWLPHHTXLYDOHQWLQVWUXFWRUV
6TXDUHIHHWRIIDFLOLWLHVIRUHDFKSURJUDP
'LUHFWLQVWUXFWLRQDOH[SHQGLWXUHV
%HDVOH\ 5HVHDUFKLQFRPH
([SHQGLWXUHZHUHWUHDWHG
8QGHUJUDGXDWHVWXGHQWQXPEHUV
3RVWJUDGXDWHVWXGHQWQXPEHUV
5HVHDUFKUDWLQJV
-RKQHVDQG-RKQHV 5HVHDUFKLQFRPH 5HVHDUFKRXWSXW
6WHUQHWDO 2SHUDWLQJFRVWV
6DODULHV
5HVHDUFKJUDQWV
3XEOLFDWLRQV
*UDGXDWHVWXGHQWV
&RQWDFWKRXUV

$SSOLFDWLRQIRU'RNX](\OO8QLYHUVLW\

,Q WKLV VWXG\ WKH UHODWLYH HIILFLHQF\ DQDO\VLV KDV EHHQ GRQH IRU GHFLVLRQ PDNLQJ XQLWV WKDW LQFOXGH LQVWLWXWHV
IDFXOWLHVFROOHJHVDQGYRFDWLRQDOVFKRROVRIKLJKHUHGXFDWLRQLQ'RNX](\OO8QLYHUVLW\

&KRRVLQJ,QSXW2XWSXW9DULDEOHVDQG'HFLVLRQ0DNLQJ8QLWV

,QHGXFDWLRQLWLVGLIILFXOWWRXVHPDUNHWPHFKDQLVPVVXFKDVSURILWVWRGHWHUPLQHWKHSHUIRUPDQFHRID'08$
NH\ DGYDQWDJH RI '($ LV WKDW HGXFDWLRQDO DGPLQLVWUDWRUV RU WKHLU QRPLQDWHG UHVHDUFKHUV FDQ FKRRVH LQSXWV DQG
RXWSXWVWRUHSUHVHQWDSDUWLFXODUSHUVSHFWLYHRUDSSURDFK)RUH[DPSOHNH\EXVLQHVVGULYHUVFULWLFDOWRVXFFHVVRIWKH
RUJDQL]DWLRQFDQEHWKHRXWSXWV7KHQWKRVHYDULDEOHVWKDWFDQEHDUJXHGWRPDQLIHVWWKHPVHOYHVDVRXWSXWVEHFRPH
WKHLQSXWV$YNLUDQ
,Q WKLV HIILFLHQF\ DQDO\VLV FRQVLGHULQJ RWKHU VWXGLHV LQ WKH OLWHUDWXUH LQSXW YDULDEOHV KDYH EHHQ FKRVHQ DV
RXWGRRULQGRRUDUHDRIXQLYHUVLW\1XPEHURI$FDGHPLF6WDIIDQG1XPEHURI$GPLQLVWUDWLYH6WDIIRXWSXWYDULDEOHV
KDYHEHHQFKRVHQDV1XPEHURI3XEOLFDWLRQVDQG1XPEHURI*UDGXDWH6WXGHQWV7KLVDQDO\VLVLVDVLWXDWLRQDQDO\VLV
IRUEHFDXVHGDWDUHIHUWR0RUHRYHUGDWDLQWKHVWXG\REWDLQHGIURPWKH,7GHSDUWPHQWRIWKHXQLYHUVLW\
$FDGHPLFLDQVLQVRPHXQLWVPD\WDNHFKDUJHLQWKHRWKHUXQLWVIRUDVVLJQPHQW)RUWKLVUHDVRQWKHDFWXDOQXPEHUVLQ
VRPHXQLWVKDYHQRWEHHQREWDLQHG7KHVHFRQGLWLRQVFDQEHUDWHGDPRQJOLPLWDWLRQVRIWKLVVWXG\
'08V
SHUIRUPDQFHVPD\GLIIHUIURPHDFKRWKHUEXW'08VVKRXOGEHKRPRJHQHRXVLQWHUPVRIIHDWXUHVLQRUGHU
WKDW WKH\ FDQ EH FRPSDUHG 7WHN *PúR÷OX 	 g]GHPLU  ,Q WKLV VWXG\ WKHUH DUH  '08V SURFHVV
VWUXFWXUHVRIZKLFKDUHWKHVDPH$FFRUGLQJWR&RRSHUHWDOQXPEHURI'08VVKRXOGEHPVDW OHDVW
1XPEHUV RI ,QSXWV DQG RXWSXWV KDYH EHHQ GHPRQVWUDWHG UHVSHFWLYHO\ DVP DQG V 1XPEHU RI'08V LQSXWV DQG
RXWSXWVWKDWKDYHEHHQLQFRUSRUDWHGLQWRWKLVDQDO\VLVDFFRUGZLWKWKLVDSSURDFK

0RGHO6XPPDU\

(06 (IILFLHQF\0HDVXUHPHQW 6\VWHP9HUVLRQ  ZDV XVHG IRU WKH VROXWLRQ RI '($ LQ WKH VWXG\ ,Q WKLV
GHFLVLRQ SUREOHP LQSXW RULHQWHG PRGHO ZDV FKRVHQ EHFDXVH GHFLVLRQ PDNHUV FDQ FRQWURO LQSXWV $V DERYH
FRUUHVSRQGHQFHPRGHOVXPPDU\LVVKRZQLQ7DEOH'08VLQSXWDQGRXWSXWGDWDDUHVKRZQLQ7DEOH





 
)RUPRUHLQIRUPDWLRQKWWSZZZKROJHUVFKHHOGHHPVDERXW(06DQGKWWSZZZPLFURWKHRU\XQLMHQDGHGRZQORDGHPVSGIDERXWXVHU
PDQXDOFDQEHH[DPLQHG
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
6FKRRORI3K\VLFDO7KHUDS\DQG
5HKDELOLWDWLRQ     
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 

*UDGXDWH6FKRRORI1DWXUDODQG$SSOLHG
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)LQGLQJV

7KHUHVXOWVRIWKHHPSLULFDODQDO\VLVDUHSUHVHQWHGLQ7DEOH

7DEOH&&5%&&DQG6FDOH(IILFLHQF\6FRUHV
 
*OREDOWHFKQLFDOHIILFLHQF\VFRUHE\LQSXWRULHQWHG&&5DQDO\VLVORFDOSXUHWHFKQLFDOHIILFLHQF\VFRUHE\LQSXW
RULHQWHG%&&DQDO\VLVDQGVFDOHHIILFLHQF\VFRUHIRUHDFK'08VE\SURSRUWLRQLQJRIWKHVHYDOXHVZHUHFDOFXODWHG
$FFRUGLQJ WR &&5 DQDO\VLV UHVXOWV '08 '08 '08 '08 '08 '08 '08 DQG '08 DUH
HIILFLHQW7RILQGHIILFLHQF\VFRUHVRIUHODWLYHHIILFLHQWXQLWVDQGVRUWWKHVHXQLWVDQDO\VLVZHUHGRQHXVLQJWKHVXSHU
HIILFLHQF\PRGXOHZKLFKDOORZWKDWHIILFLHQF\VFRUHLVKLJKHUWKDQ$FFRUGLQJO\,QVWLWXWHRI+HDOWK6FLHQFHVKDV
EHHQIRXQGDVDXQLWWKDWKDVDKLJKHVWHIILFLHQF\VFRUH*UDGXDWH6FKRRORI1DWXUDODQG$SSOLHG6FLHQFHV,QVWLWXWH
RI (GXFDWLRQDO 6FLHQFHV ø]PLU 9RFDWLRQDO 6FKRRO 9RFDWLRQDO 6FKRRO RI -XGLFLDO 3UDFWLFHV )DFXOW\ RI 6FLHQFHV
)DFXOW\RI0HGLFLQH*UDGXDWH6FKRRORI6RFLDO6FLHQFHVIROORZ,QVWLWXWHRI+HDOWK6FLHQFHVUHVSHFWLYHO\'08
'08'08'08'08'08'08DQG'08KDYHEHHQIRXQGHIILFLHQWDFFRUGLQJWR&&5DQDO\VLV
DV ZHOO DV %&& DQDO\VLV ,W VKRXOG EH QRWHG WKDW WKLV LV D ORFDO HIILFLHQF\ YDOXH DQG GRHV QRW VKRZ D JOREDO
HIILFLHQF\'08VZKLFKKDYHEHHQIRXQGHIILFLHQWLQWKHORFDOVHQVHVKRXOGORRNIRULPSURYHPHQWLQWKHLUSURFHVVHV
DQGVFDOHVZLWKRWKHUEHQFKPDUNV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*OREDOWHFKQLFDO
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'08'08'08'08'08'08'08'08'08'08 DQG'08 DUH HIILFLHQW LQ
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WHUPV RI QHLWKHU&&5 QRU%&& 7KHVH XQLWV DUH SRRU LQ WHUPV RI ERWK VFDOH HIILFLHQF\ DQG ORFDO SXUH WHFKQLFDO
HIILFLHQF\7KHVH XQLWV VKRXOGPDNH LPSURYHPHQW LQSXW DQGRXWSXW IDFWRUV WKDW DUH XQGHU WKH FRQWURO RI GHFLVLRQ
PDNHUV ,Q DGGLWLRQ WR FDOFXODWLQJ JOREDO WHFKQLFDO HIILFLHQF\ UHIHUHQFHXQLW JURXSVKDYHEHHQ VSHFLILHGE\&&5
DQDO\VLVIRULQHIILFLHQWXQLWVWKDWKDYHEHHQGHWHUPLQHGLQWKHVHQVHRIJOREDOWHFKQLFDOHIILFLHQF\$OVRFRHIILFLHQWV
DUH SUHVHQWHG WR GHWHUPLQH WKH WDUJHW YDOXHV IRU LQSXW YDULDEOHV 5HIHUHQFH JURXSV DQG FRHIILFLHQWV DUH VKRZQ LQ
7DEOH
7DEOH,QHIILFLHQW'08V&RHIILFLHQWVDQG5HIHUHQFH*URXSV
,QHIILFLHQW'081R 2EWDLQHG&RHIILFLHQWVDQG5HIHUHQFH*URXSVE\8VLQJ&&5
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7DUJHW YDOXHV FDQ EH IRXQGZLWK WKH KHOS RI UHIHUHQFH JURXSV DQG FRHIILFLHQWV IRU LQSXW DQG RXWSXW IDFWRUV RI
LQHIILFLHQWXQLWV
)RUH[DPSOHDFFRUGLQJWR7DEOHWDUJHWYDOXHRIQXPEHURIDFDGHPLFVWDIIWKDWLVRQHRILQSXWIDFWRUVRI'08
ZKLFKKDVWKHORZHVW&&5HIILFLHQF\VFRUHFDQEHFDOFXODWHGDVEHORZWDNLQJ'08'08DQG'08
LQWRDFFRXQW
7DUJHWYDOXHRIDFDGHPLFVWDIIIRU'08 $6
$6 $6$6$6
          
  §
'08VKRXOGUHGXFHQXPEHURIDFDGHPLFVWDIIIURPWR,PSURYHPHQWUDWLRIRUQXPEHURIDFDGHPLFVWDII
RI'08FDQEHIRXQGDVEHORZ
,5 ±§         
)URPWKLVSRLQWRIYLHZLWFDQEHLQWHUSUHWHGWKDWGHFLVLRQPDNHUVRI'08 VKRXOGPDNHLPSURYHPHQWDERXW
LQQXPEHURIDFDGHPLFVWDII7DUJHWYDOXHVDQGLPSURYHPHQWUDWLRVFDQEHFDOFXODWHGVLPLODUO\IRURWKHULQSXW
DQGRXWSXWIDFWRUV

5HVXOWVDQG&RQFOXVLRQ

'DWDHQYHORSPHQWDQDO\VLV'($ZKLFKKDVEHHQGHYHORSHGWRPHDVXUHWKHHIIHFWLYHQHVVRIHFRQRPLFGHFLVLRQ
PDNLQJXQLWV'08WKDWUHIHUUHGWRDVGHFLVLRQPDNLQJXQLWVDQGVLPLODULQWHUPVRIWKHLUSURGXFWVRUVHUYLFHVLVDQ
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HIILFLHQF\PHDVXUHPHQWWHFKQLTXHZLWKRXWSDUDPHWHUV7KLVWHFKQLTXHHQVXUHVWRGHILQHKRZH[LVWLQJVRXUFHVFDQEH
XVHGHIIHFWLYHO\WRFUHDWHWKHRXWSXWVRI'08
'($LVDQRQSDUDPHWULFPHWKRGRIPHDVXULQJWKHHIILFLHQF\RID'08VXFKDVDILUPRUDSXEOLFVHFWRUDJHQF\
ILUVW LQWURGXFHG LQWR WKH2SHUDWLRQ5HVHDUFK OLWHUDWXUHE\&KDUQHV&RRSHU DQG5KRGHV &&57KHRULJLQDO&&5
PRGHOZDVDSSOLFDEOHRQO\WRWHFKQRORJLHVFKDUDFWHUL]HGE\FRQVWDQWUHWXUQVWRVFDOHJOREDOO\,QZKDWWXUQHGRXWWR
EH D PDMRU EUHDNWKURXJK %DQNHU &KDUQHV DQG &RRSHU %&& H[WHQGHG WKH &&5 PRGHO WR DFFRPPRGDWH
WHFKQRORJLHVWKDWH[KLELWYDULDEOHUHWXUQVWRVFDOH5D\
*OREDOWHFKQLFDOHIILFLHQF\VFRUHE\LQSXWRULHQWHG&&5DQDO\VLVORFDOSXUHWHFKQLFDOHIILFLHQF\VFRUHE\LQSXW
RULHQWHG%&&DQDO\VLVDQGVFDOHHIILFLHQF\VFRUHIRUHDFK'08VE\SURSRUWLRQLQJRIWKHVHYDOXHVZHUHFDOFXODWHG
7RILQGHIILFLHQF\VFRUHVRIUHODWLYHHIILFLHQWXQLWVDQGVRUWWKHVHXQLWVDQDO\VLVZHUHGRQHXVLQJWKHVXSHUHIILFLHQF\
PRGXOHZKLFKDOORZWKDWHIILFLHQF\VFRUHLVKLJKHUWKDQ6RPHXQLWVDUHSRRULQWHUPVRIERWKVFDOHHIILFLHQF\DQG
ORFDOSXUHWHFKQLFDOHIILFLHQF\
,Q WKLV VWXG\ LQSXW RULHQWHGPHWKRG KDV EHHQ SUHIHUUHG EHFDXVH LQSXW IDFWRUV FRXOG EH FRQWUROOHG E\ GHFLVLRQ
PDNHUVLQXQLYHUVLW\%\PHDQVRIREWDLQHGUHVXOWVLQHIILFLHQWXQLWVFDQEHDWWDLQHGPRUHHIILFLHQWVWUXFWXUHE\ZD\
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